Urodele amphibians such as the axolotl regenerate complete limbs as adults, and understanding how the "blueprint", or pattern, of the regenerate is established and manipulated are areas of intense interest. Nutrient signaling plays an important role in pattern formation during regeneration. Retinoic acid signaling is the most characterized pathway during this process. Exogenous retinoic acid (RA) reprograms the pattern information in regenerating cells to a more posterior, ventral, and proximal identity. Vitamin D signaling shares several molecular similarities with RA and has been shown to alter pattern formation during zebrafish pectoral fin regeneration. To determine if exogenous Vitamin D signaling is capable of reprograming pattern in the axolotl limb blastema, we treated regenerating limbs with a potent Vitamin D agonist. Under the studied conditions, exogenous Vitamin D did not act in a manner similar to RA and failed to proximalize the pattern of the resulting regenerates. The Vitamin D treatment did result in several skeletal defects during regeneration, including carpal fusions along the A/P axis; failure to integrate the newly regenerated tissue with the existing tissue, formation of ectopic nodules of cartilage at the site of amputation, and altered bone morphology in uninjured skeletal tissue.
Introduction
Nutrient signaling plays key roles in the patterning and differentiation of cells during embryogenesis and regeneration. One of most well-characterized nutrient pathways involved in these processes is retinoic acid (RA) signaling, which has been extensively reviewed elsewhere (Cunningham and Duester, 2015; Rhinn and Dollé, 2012) . In the absence of RA, Retinoic Acid Receptors (RAR) form heterodimers with retinoid X receptor (RXR) and together this complex represses transcription of RA-responsive genes. The addition of RA leads to conformational changes in RAR, causing the heterodimer complex to either activate or further repress transcription of its associated genes. RA signaling is critical in the establishment of positional information during primary and secondary field formation in developing vertebrate embryos (as reviewed by (Cunningham and Duester, 2015) ), and in regenerating amphibian limbs (Rincón and Scadding, 2002; NguyenYamamoto et al., 2010; Monaghan and Maden, 2013) . Additionally, exogenous RA reprograms the positional information within regenerating limb tissue resulting in proximalization and posteriorization of the pattern of the regenerate (Maden, 1996; Mccusker et al., 2014; Bryant and Gardiner, 1992) .
The co-receptor to RAR, RXR, binds to other co-receptors that are involved with nutrient signaling as well. One of these receptors is the Vitamin D receptor (VDR), a participant in receptor-mediated Vitamin D signaling (Kliewer et al., 1992) . Similar to RAR-associated signaling, VDR is believed to act together with RXR as a transcriptional co-repressor until it is bound by a metabolically active form of Vitamin D. This binding induces a conformational change in the nuclear receptor which results in transcriptional activation (Ohyama et al., 1994; Ohyama et al., 1996) or further suppression (Alroy et al., 1995) of the associated genes.
The involvement of Vitamin D signaling in development and regeneration has not been comprehensively studied. Vitamin D signaling contributes to normal limb formation as components of the vitamin D signaling pathway are expressed in developing limb buds (Liu et al., 2008) and alterations of this pathway negatively effects long bone formation in VDR-knockout mice (Zheng et al., 2004) . In the context of regeneration, exogenous Vitamin D, like RA signaling, has been observed to affect pattern formation. The normal anterior/posterior (A/P) pattern in the zebrafish pectoral fin depends on a graded expression of Vitamin D signaling along this axis; however, overexpression of Hand2, an upstream inhibitor of Vitamin D signaling, disrupted pattern formation during pectoral fin regeneration by shortening all the fin rays along the A/P axis (Nachtrab et al., 2013) , suggestive of axis posterization. Exogenous Vitamin D treatment, in conjunction with RA signaling, also disrupts A/P patterning in the regenerating axolotl limb
